INTRODUCTION TO STEM CELLS
Our bodies are made up of trillions of small units, known as cells. However, at the very early phase of development, we were embryos consisting of only a tiny clump of cells. Cells in an embryo are in a primitive state, and we call them However, even in the bodies of children, adults, and elderly people, we find several types of stem cells. These stem cells can form some, but not all, of the 200 different cell types. The stem cells present in bone marrow is called hematopoietic stem cells, which are the mother cells of the cells in the blood, including red blood cells that carry oxygen around the body and several types of white blood cells that form the immune system. The immune system is of vital importance for the defense of our bodies against viruses and bacteria. The immune system can, however, also be the cause of disease, for example in autoimmune diseases where the white blood cells attack the person's own body [1] . In the case of organ transplantation, the immune system is responsible for the rejection of the transplanted organ.
Other types of stem cells are found at various locations in the body. In particular, we can find populations of stem cells in organs that usually repair themselves very quickly. The cell layers on the inside of the intestines are renewed every few days by stem cells that are present in the intestines. These stem cells divide and the new cells (called daughter cells) form new layers of intestinal cells. The outer layers of the skin are also continuously renewed, and skin stem cells are responsible for this process. Finally, throughout the body we can find so-called mesenchymal stem cells. These cells form bone, cartilage, fat, and muscle. An overview of the different stem cell types is shown in Figure 1 .
EMBRYONIC STEM CELLS
As mentioned above, embryonic stem cells are present in very young embryosembryos of one-week-old, to be precise. Embryonic stem cells are no longer present in newborn babies. In the future, embryonic stem cells are likely to become an important therapy to repair organs. In the laboratory, we can grow embryonic stem cells into any desired cell type or into small 3D cell clumps that resemble organs, which we call organoids. Cells or organoids can be implanted into organs that are injured as a result of accidents or diseases, where they contribute to the repair of the injury. At the moment, there are still questions about the safety of such treatments, but some initial tests in human have been done to repair damaged eyes with cells derived from embryonic stem cells. The outcome of these studies is important for the development of treatments for other organs.
embryonic stem cells
Cell that can form all different cell types present in the body.
ectodermal stem cells
Cell that forms ectodermal cells, such as skin cells, neurons (brain cells).
endodermal stem cells
Cell that forms endodermal cells, such as lung cells, thyroid cells, and cells of the pancreas.
mesodermal stem cells
Cell that forms mesodermal stem cells (mesenchymal stem cells and hematopoietic stem cells).
hematopoietic stem cells
Cell that forms red blood cells and different types of white blood cells.
autoimmune diseases
Disease in which the immune system attacks the own body.
mesenchymal stem cells
Cell that forms fat cells, bone cells, cartilage cells, and muscle cells.
The disadvantage of embryonic stem cells is that they have to be collected from embryos. These embryos come from in vitro fertilization procedures. In vitro fertilization is a technique that is used to fertilize eggs with sperm outside the body. After a few days, the fertilized eggs have formed tiny embryos, which are then placed back into the mother. This is sometimes done for people who cannot easily have children. The embryos that are generated by in vitro fertilization and that are not put into the mother may sometimes be used for the isolation of embryonic stem cells.
There is another method of getting embryonic stem cells that does not involve embryos. In 2006, Professor Yamanaka from Japan discovered a method to turn cells from adults back into stem cells with embryonic stem cell properties. These stem cells are thus capable of forming all 200 cell types, just like the embryonic stem cells, but with the great advantage that no embryos are
In vitro fertilization
A technique that is used to fertilize egg cells with sperm outside the body. 
HEMATOPOIETIC STEM CELLS
In addition to the embryonic stem cells, there are other types of stem cells that are present in children and adults. The only stem cell type that is widely used today in hospitals as a therapy is hematopoietic (or blood) stem cells. People with bone marrow cancer (leukemia) are treated with chemotherapy to kill all the cancer cells. Due to the treatment, all the important hematopoietic stem cells from the patient will be killed, too. To replace the hematopoietic stem cells after chemotherapy, some stem cells are collected from the bone marrow of patients before chemotherapy and stored in the freezer. After treatment, the hematopoietic stem cells are returned to the patient. These cells will then divide until enough stem cells are present, which will then form red and white blood cells and build a functional immune system. When collecting the patient's own hematopoietic stem cells is not possible, people receive hematopoietic stem cells from a suitable donor.
Other types of stem cells are not yet used for standard therapy, but are being tested as experimental therapies (called clinical trials). Many of these clinical trials are performed with mesenchymal stem cells.
MESENCHYMAL STEM CELLS
Mesenchymal stem cells are found in any organ you can think of, including bone, fat tissue, lungs, heart, and brain. The function of mesenchymal stem cells is, first, to repair the body by developing into cells that form connective tissue, fat tissue, and bone tissue. Second, mesenchymal stem cells help other cells in the body. They do this by producing compounds that help other cells to survive and to divide. The third function of mesenchymal stem cells is that they can stop immune responses. In the case of an immune response against an infection, mesenchymal stem cells make sure that the immune response does not get out of hand.
The properties of mesenchymal stem cells offer possibilities to use these cells for therapy, such as for the repair of bone fractures that do not heal by themselves or to treat diseases where an overactive immune system causes harm, such as in autoimmune diseases. To do this, mesenchymal stem cells first have to be isolated from tissues. We can do this by removing a bit of bone marrow or a little bit of fat tissue by a small operation and then isolating mesenchymal stem cells from these tissues. The mesenchymal stem cells can then be put in a culture dish. In the culture dish, mesenchymal stem cells divide rapidly so, in a few weeks of culture, large numbers of mesenchymal stem cells can be obtained, which can then be used for therapy (Figure 2 ).
Culture dish
Plastic dishes that are used for growing cells in the laboratory.
USE OF MESENCHYMAL STEM CELLS TO TREAT DISEASES
Mesenchymal stem cells are being tested as experimental therapies for a variety of diseases. The way mesenchymal stem cells are given to patients depends on the disease they are used to treat. When mesenchymal stem cells are used for the repair of bone fractures, they are placed inside the bone fracture. The cells are put on a structure that supports the cells. These structures are 3D building blocks with many small pores so that the cells can crawl onto and into the structure. Once the cells are well incorporated in the structure, it can be placed into the bone fracture. In the fracture, the stem cells will form bone tissue and contribute to the healing of the fracture. When mesenchy- figure 2 Overview of the isolation of mesenchymal stem cells from fat tissue and the possibilities for using these cells to treat diseases. A bit of fat tissue is taken from a patient or a healthy donor in the hospital. In the laboratory, mesenchymal stem cells are isolated from the fat tissue and placed in a culture dish. The mesenchymal stem cells then start to divide, so that in a few weeks enough cells are obtained to treat patients. The mesenchymal cells are given as an experimental therapy to patients with difficult to heal bone fractures, immune diseases, or organ transplants. mal stem cells are used to stop autoimmune responses or immune responses against transplanted organs, they are injected into the blood stream. We have investigated what happens to the cells after they are injected into the blood stream. We found that many of the cells get stuck in the lungs. That is because many of the cells grow very large in the culture dish and can no longer pass through the small blood vessels in the lungs. The lungs filter out many of the mesenchymal stem cells. We also found that many of the stem cells die rather quickly after being put into the blood stream [2, 3] . Thus a lot of work is required to do to overcome these problems!
CONCLUSION
There is a lot of research on investigating how stem cells can be used to treat diseases. It is expected that, in the future, stem cell therapies will be developed for many types of diseases for which there are no effective treatments at the moment.
